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Introduction
Multiple sclerosis (MS) is a chronic disease of the white matter of the central nervous system in which patients suffer from a variety of disabling symptoms that greatly affect their working ability, activities of daily living and quality of life. MS symptoms are usually undertreated due to the lack of awareness on the part of patients and physicians to the relevance of symptoms such as fatigue and pain or because many of the available drugs for the treatment of MS are off-label and therefore are not available to the patients. Moreover, evidence-or expert-based consensus treatment guidelines have been developed for only selected MS symptoms (1) . Many of these symptoms, even when they are recognized, are resistant to treatment and show only partial response to medications. Botulinum toxin injections may present additional effective therapeutic options for various MS symptoms. This review will summarize current understanding on the application of BTX in symptomatic management of MS patients.
Spasticity
Spasticity is a motor disorder characterized by a velocity-dependent increase in tonic stretch reflexes (muscle tone) with exaggerated tendon jerks, resulting from hyperexcitability of the stretch reflex, as one component of the upper motor neuron syndrome. (2) Decisions of when to start treating spasticity rely on a number of factors, and the balance between negative and positive symptoms of upper motor neuron syndrome should influence the selection of an appropriate treatment. It should be emphasized that chronic spasticity reflects not only reflex resistance, but also resistance of rheologic (contractures, stiffness) origin. This also significantly influences treatment selection. Treatment decisions should always take into accounts the patient's overall clinical and social situation, the duration, severity and distribution of spasticity, the locus of injury and all the co-morbidities.(3) Urinary tract infections, urolithiasis, stool impaction, pressure sores, fractures, dislocations, ingrown toenails, and excessively restrictive clothing should always be ruled out before starting any treatment. It should also be borne in mind that optimal efficacy of any antispasticity treatment that is intended to relax a muscle requires physiotherapy to lengthen the muscle.
Before starting treatment for spasticity in MS, the expectations from the treatment should be discussed with the patient. Only in rare cases will active functional goals be achieved (this is especially relevant in overcoming the spasticity of MS relapse). The more realistic goals are pain relief, decrease in muscle spasm frequency, improvement in mobility or wheelchair propulsion, transfers, self-care, eating, and return to sexual activity and routine activities of daily living. This should be clearly explained to the patient to ensure that the expected outcome is realistic and acceptable.
Multiple sclerosis is a common cause of diffuse or regional muscle overactivity where the number of affected muscle groups may not be amenable to local treatments. In MS it is particularly difficult to assess the functional disability due to spasticty and the functional benefit due to treatment, so this is why it appears more appropriate to use therapeutic options with transitory effects like BTX. (4) The absolute and comparative efficacy and tolerability of anti-spasticity agents in multiple sclerosis is poorly documented and no recommendations can be made to guide prescribing. The rationale for treating features of the upper motor neurone syndrome must be better understood and sensitive, validated spasticity measures need to be developed. (5) Neverthless, there are some situations in which BTX treatment will be effective, specifically, leg adductor spasticity, spastic pes equinus and striatal toe. (6) . Only about 7% of MS patients receive treatment of the upper extremity, mostly due to severe adductor spasticity of the shoulder joint (6) . BTX usually can not help in enhancing the functional capacity of muscle weakness, but it can open a therapeutic window for other treatments for bedridden patients by lessening the amount of spasticity, and BTX will help in reducing the formation of decubital ulcers and the levels of pain.
The first study that showed efficacy of BTX in the treatment of spasticity was performed in 1990. Using a randomized crossover design, Snow and coworkers injected BTX 400 U (Botox ® ) into the thigh adductor muscles (adductor brevis 100 U, adductor longus 100 U, adductor magnus 200 U) to 10 non-ambulatory MS patients who had spastic contraction of the thigh adductor muscles that interfered with sitting, positioning, cleaning, and urethral catheterization. (7) The patients were followed for 6 weeks, and a crossover injection to the alternate therapy was performed at three months. The results showed a significant benefit of BTX versus placebo at 6 weeks in terms of reduction of the spasticity and hygiene scores, and there were no adverse events. A subsequent uncontrolled study on two patients with severe lower extremity spasticity showed an improvement in spasticity and in functional status, but emphasized the possibility of reduction in muscle tone not only in injected muscles, but in non-injected muscles in the region as well. (8) To further determine appropriate muscle selection in treatment of spasticity, Finsterer and coworkers used turn/amplitude analysis as an electromyographic (EMG) criterion, on 9 patients with severe spasticity (5 of them with MS). (9) (hygiene score >2), were included. The results showed an improvement in distance between the knees for the 1500 U group, muscle tone reduction in all Dysport groups and improvement in hygiene scores in the 1000 U and 1500 U groups. Duration of benefit was significantly longer than placebo for all Dysport ® groups (p<0.05). Importantly, all of these benefits were evident despite the extensive use of concomitant oral antispasticity medication and analgesics. The most frequent adverse events in the patients treated with Dysport were hypertonia (new or worsening spasticity) of injected and/or non-injected muscles (22%), weakness of non-injected muscles (14%), fatigue (7%), urinary tract infection (5%), headache (5%), micturition frequency (5%), back pain (5%), and diarrhea (5%). A risk-benefit assessment of that study suggested that the optimal starting dose for treating hip adductor spasticity in MS is 500-1000 U of Dysport 
Bladder dysfunction
The synergy between the detrusor muscle and the external urethral sphincter is controlled by a specific area in the caudal brainstem, the pontine micturition center. Disruption of the pathways between this area and the caudal part of the spinal cord often results in detrusorsphincter dyssynergia (DSD) (19) . DSD has been defined as a detrusor contraction concurrent with an involuntary contraction of the urethral and/or periurethral striated muscle (20) . DSD typically occurs in patients with a supra-sacral lesion (e.g., those with MS) and implies an The positive role of BTX in managing pain associated with spasticity is discussed in other sections.
Other indications
Tremor is the most frequent movement disorder in MS and is often very difficult to treat.
Intention tremor is most frequently observed, but postural tremor also occurs. Very few studies have evaluated the effect of BTX on essential tremor. Rest, postural, and kinetic tremor were evaluated over a 16-week period in a placebo-controlled study using BTX 50 or 100 U (Botox Trigeminal neuralgia appears in 1% of patients with MS in whom it's progression is usually faster than in idiopathic trigeminal neuralgia (42) . An open-label study has shown that BTX significantly reduces the duration and intensity of pain in cases of intractable trigeminal neuralgia, with the peak effect at day 20. BTX was also shown to reduce the use of preventive medication: the BTX dose depended on the reported pain surface (6.83 U for the ophthalmic branch, 6.45 U for the maxillary branch, and 9.11 for the mandibular branch. (43) A randomized controlled trial is needed to validate these results.
Gastroparesis is rarely seen in MS and is difficult to treat when it is present. 
Conclusion and discussion
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Treatment of muscle spasm and DO by means of BTX injections can be recommended based on the results of prospective, placebo-controlled studies. It should be borne in mind, however, that those studies included small numbers of patients, and were of relatively short duration.
Although it is potentially useful in the management of other symptoms in MS, BTX should be used with caution, and final validation of its effectiveness awaits more prospective, placebo-controlled studies. On the other hand, the safety of injected BTX is well established, but was not assessed in MS specifically. Fatigue, one of the potential side effects of BTX, especially if used in large doses, needed for spasticity treatment (48, 49) MS-related fatigue, if aggravated by BTX, can be a severe problem causing interference with home and vocational activities.
Another problem is that BTX is rather expensive treatment and evidence of the cost effectiveness of new treatments must be shown for them to be adopted and paid for by healthcare services. Similarly MS is very expensive disease. The total mean annual costs per patient in Europe is estimated at €18 000 for mild disease (Expanded Disability Status Scale 
